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Description 

This invention relates to multi-tone printing employing drop-onnjtemand printing apparatus. More 
particularty the Invention relates to subh apparatus for printing droplets on printing element areas on a 

. 5 substrate whicti is movable relatively to said apparatus and comprises an array of parallel, uniformly spaced 
channels provided with respective droplet ejection nozzlesi a liquid supply means common to said channels 
and electrically operated -means for applying pulses of energy to droplet llquidin said channels to effect 
droplet ejection therefrom. 

Aspects of such printing apparatus are descrilsed for example in US-A*4,584i580 and our EP-A-0-276- 

10 590 and EP-A-0 277 703 Of which the contents of tifie latter are herein Incorporated by reference. 

The types of printing apparatus disclosed In the references quoted iare of the kind in which energy 
pulses are imparted to droplet liquid by displacement of -wall portions of the respective droplet liquid 
channels. It is known that the human eye can sense sixty-four gradations of grayscale in multi-tone printing. 
It Is even suggested thai as many as 128 gradations can be discriminated. Accordingly, it Is one aim of high 

16 quality tone printing, including colour printing, to produce a printer capable of printing d number of 
greyscale tones as near as possible to the discriminating capability of the eye of the viewer. . 

In US^A*4,51 3,298 there 4s disclosed a single channel, drop-on-demand ink -jet printing device in which 
droplets of ink having different droplet volumes can be deposited on a print medium at a droplet repetition 
rate just below the resonant frequency of the ink diannel. The dlffererit droplet volumes are achieved by 

20 following d droplet ejection pulse with additional droplet ejection pulises of like magnitude to the ir^i 
droplet Section pulse at a frequency at or near the channel resonant fireqiuency. TbB additional droplet 
ejection pulses cause ejection from the Ink channel of furtiier drop -volumes of substentially the same size 
as tiie drop volume emitted from the channel by the Initial droplet ejection pulse. In the series of drop 
volumes thus emitted, the second and subsequent drop volumes are each connected to ttie preceding drop 

25 volume emitted and tiie drop volumes join tc^ether to fonn ah enlarged drbptet which Is deposited on the 
print medium. However., in high density array, drop-on-demand printers. i.e. arrays of at least two parallet 
channel8,per mm.theknownmetiiod.ofdroplet.ejection-severe^ limits,, to. only a few, the number of.drpplet 
volumes which can be addecf to the droplet volume initially ejected from any particular channel. This 
number diminishes rapidly wrtii Increase xA channel xiensity. It follows tiiat ihe nomtjer of igreyscale 

30 gradations which can be achieved by this known metiiod is limited in tfie achfevable number of different 
drop volumes which can be deposited at a pixel of the printed Image. 

U.StA-4«536.087 .discloses ^ .piezc»Ieclric printhead having channels defined by 3 rsm of parallel 
piezoelectric steps which can be defomned in direct mode. Each working channel, witti its two piezoelectric 
strips, is separated from the next by a dummy channel filled with elastomer or air and the anrangement is 

35 ttierefbre limited as to ^e c^anner readiiiition tiiaf can be adhiibved. The |prihtii»ad is not capable of 
producing drops of varying sizes. 

QB-A-2 157 623 discloses a method of operating an ink jet apparatus to control dot size. Relatively 
small ink chambers have separate large piezbielectiric transducers communicating. wHh the respective 
dhambers through a nr>ech&nlcal coupling, including a foot and a diaphragm. It is proposed that by 

40 synchronously exciting either one or a comt)ination of ttie flukis and mechanical resonant frequencies of the 
ink jet apparatus and by repeating this operation in an Interactive or successive manner in synchronism witti 
the dominant resonant frequency, a plurality of ink droplets can be ejected within a time period permitting 
tiie droplets to n^erge while airix)me or upon the recording n>edium. it is, accordingly, an object of t)e 
present invention, to provide an Irhproved method of greyscale printing which employs a compact drop-on- 

45 demand printer having an array of parallel channels which enables printing at high density and with a 
substantially greater number of grayscale gradations than has been achievable hitherto. 

The present invention consists in the rnethod of printing employing drop on demand ink jet apparatus 
comprising an array of parallel channels disposed side by side and having reispective side walls which 
extend in the lengthwise direction of the channels arid separate one from the next of the channels; a series 

■SO of nozzles which communicate respectively with said channels for ejection of droplets of ink therefrom; 
connection means for connecting the channels with a source of ink and electrically actuiabl(» means for 
effecting upon selection of any of sakj channels transverse displacement of a portion at least of a channel 
separating side wall of said selected channel to apply a pulse of energy to Ink contained in the selected 
channel to effect droplet ejection therefrom; characterised by the stepfs of choosing the length of sak) 

.55 channels and the dimension and location of said nozzles to afford a longitudinal acoustic resonant 
frequency of 25 KHz or more; selecting a channel and a tone of printing for that channel, and actuating the 
electrically actuable means to apply a sequence of pulses of energy of amplitude and frequency to cause 
droplet ejection from the selected channel at or near ttie longitudinal acoustic resonant frequency to eject a 
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corresponding number of droplets, said number being detennined by the selected tone of printing. 

Suitably, ssdd electrically actuable means effM droplet ejection from said chanhels by displacement of 
respective piezo-electric side wall portions thereof. 

Preferably, where the substrate Is continuously moving during printing, droplet deposition from eacii 

5 channel takes place over a length of said substrate which is within a printing element area traversed during 
printing by the channels. Suitably, droplet deposition on said substrate from each channel takes place over 
approximately two thirds of ^e pitch of the printing element areas in the direction of relative motion of the 
apparaUjs and substrate and is symmetrically disposed with respect thereto. The pitch In the direction of 
relative motion between the substrate and the printing apparatus of the printing element areas rs suitably 

TO made equal to the Ink channel pitch. 

In one form, the n^ethod of the invention is practised with a printhead comprising a body of piezo- 
electric material in which said channels are formed and opposed channel dividing side walls of each of said 
channels have respective ptezo-electric portions which are displaceable in shear mode by oF)eration of said 
electrically actuable means to effect droplet ejection from said channel. When such a printhead is 

76 employed, according to said one form of the invention, the channels are divided Into a plurality of groups Of 
interleaved channels and droplet ejection is enabled In each group simultaneously from selected channels, 
the channels selected in such group being actuated in successive phases of the frequency of the applied 
energy pulses. In one form the channels are an'anged in two groups and selected channels of said two 
groups are enabled for droplet ejection at intervals of half a cycle of the frequency of pulses applied by said 

20 elecfalcally actuable means to the* channels selected fdf drbpl^f ejecfion. 

Where colour printing is required, tiie metf^od of the invention consists in an'anging the array of 
charinels in a set or sets of four rows of channels, the rows of each set being respectively suppRed with 
black ink and ink of the three primary colours and disposing the rows of each set for printing a row of 
printing, element areas extending transversely to the direction of relative motion of the array and the 

28 substrate so tiiat each area printed can be printed in black ink or Ink of one of the three prtmary colours. 

The invention furtiier consists In drop on demand Ink Jet apparatus comprising an anray of parallel 
channels disposed side by skie and having respective side walls whteh extend in the lengtiiwise direction of 
the channels and separate one from the next of the channels; a series of nozzles which communicate 
respectively with said channels lor ejection of droplets of ink therefrom: connection means for connecting 

so ttie channels with a source of ink and electrically actuat}le means for effecting upon selection of any of said 
charinels transverse displacement of a portion at least of a channel separating side wall of said selected 
channel to apply a pulse of eneigy to Inic contained in the selected chenhel to effect droplet ejection 
therefrom: characterised In that the length of said channels and the dimension and length of said nozzles 
are such as to afford a longitudinal acoustic resonant frequency of 25 KHz or more and tiiat upon selection 

36 of a channel and upon selection of a tone of printing for that channel, ttie electrically actuable means serves 
to apply a sequence of pulses of energy of amplitude and frequency to cause droplet ejection from the 
selected channel at or near the longltu^nal acoustic resonant frequency to eject a oorrespondlng number of 
droplets, said number being determined. 

Suitably, said channels are formed in a IxKiy of piezo-electric material and have side wall portions 

40 poled so as to be displaceable In shear mode by the operation of said electrically actuable means. 

Said channels are advantageously anranged In a plurality of groups of interieaved channels, the 
channels of the respective gmups being disposed in repeated sequences and said electrically actuable 
means are adapted to cause selected channels of each group to be enabled for actuation simultaneously 
and to effect enabling of the groups of channels in successive Intervals of duratiori to allow ejection of 

46 several drops from the enatded channels. 

Advantageously, the channel length, channel nozzle diameter and channel density of the apparatus lie 
respectively in ttie range 10 to 1 mm, 20 to 10um and 2 to 12 per rhm. For any particular printtiead 
apparatus, the said dimensions are chosen to provide channel resonam frequencies of above 25 KHz. 
Preferably, the chosen resonant frequency Is in Die range 50 KHz to 250 KHz. 

50 Thel invention will now be described, by way of example, witti reference to the accompanying drawings, 
in which:- 

FIGURE 1 illustraies ttie effect of depositing in successive printing element areas, ttiat Is to say^ pixels, 
as the print medium moves past a nozzle of a channel of a drop-on-demand ink Jet printer, a variatOe 
number of ink drops t)etween 1 and 64; 
66 FIGURE 2 illustrates diagrammatically one embodiment of the Invention; and 

FIGURE 3 Illustrates diagrammatically. In anottier embodiment of ttie Invention, ttie printing of a line of 
printing element areas or pixels from a group of tan channels, the respective nozzles of which eject 
bursts of varying numbers of droplets between 1 and 64. 
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The method of the invention can be perfonned by a drop-on-demand ink Jet printing apparatus 
comprising an array, preferably a high density array, of parallel uniformly spaced channels provided with 
respective droplet ejection nozzles, an ink supply common to said channels and electrically actuable means 
for displacing respective plezo-electrlc.sldB wall porttons of said channels to effect droplet ejection from the 
cfriannels. In our EP-A-0 278 580 there is descrit)ed e.g. with reference to Rgs. 2(a) - (d). a form of 
printhead in whk^h said displaceable piezo-electric wall portions comprise the channel dividing side walls. In 
this case each of the channel dividing side watts is shared between the channels which it separates so that 
in a first of successive phases of operation it can be detiected together with the facing wall of one of the 
channels which it separates to eject a droplet from said one of the channels whilst in a succeeding, phase of 
ttie operation the said channel dividing wall together with the facing side wall of the other of the channels 
which it separates can be deflected to eject a droplet from said other of the channels. The channel densities 
of such printheads can be from 2 to 16 per mm. Hitherto, the operation of this fomi of printhead has been 
limited to the application of a voltage waveform pulse which acts to eject a single drop of ink from the 
channel to which the pulse is applied. The present invention calls for droplet ejection from the channels at 
high frequency at or near the k3ngltudlnal acoustic resonant frequency ol the channels. Accordingly the 
channel length and nozzle dimensions have to be chosen to that end. 

Printheads of the kind described can also be employed according to this invention as greyscale and, 
therefore, colour printers. An acceptable range of resolution of printing element areas or pixels on a paper 
substrate for a prin^ead as described In EP-A-0 278 580 would be 6. to . 12 per mm. In the area 
corresponding to each pbcel,' a variable numliier of droplets in the range 1 to 64 is made available as 
hereinafter described. 

Typical values of ink drop, parameters at each channel nozzle and on the paper substrate area are as 
follows:- 



Resolution 
of Printhead 


Pitch of Nozzles 


Full 64 Droplet 
Volume 


Single Drop 
Volume 


SInfiie Droplet 
Dlamet^ 


Droplet Frequency 


-/mm 


um 


pl 


pl 


um 


KHz 


12 


83 


3d 


0.51 


10 


180 


6 


167 


130 


2.04 


15.7 


80 



The full size drop volume, which fonms a pool 6f 64 single ejected small droplets on the paper substrate 
is chosen to form contigubud dots at full tone. 

Rgure 1 shows the effect of depositing a variable numt)er of ink droplets between 1 and 64 in 
successive pixels as the paper moves past the nozzle. Tyfrically, the maximum droplet production 
frequency is sufficient to generate 100 droplets per pixel, so that If 64 droplets are generated, these are 
deposited in a line occupying approxinruttely 2/3 of the pixel pitch "p". When smaller numbers of droplets 
are generated as a sequence these are deposited along correspondingly shorter lines. 

From the above table of typteal values and assuming there are 100 droplets able to be generated per 
pixel, the spacing between droplets deposited tongltudlnatly in each pixel, for twelve pixels per mm, is 0.83 
um and for six pixels per mm is 1.87 um. Later^ly the nozzle pitch is equal to the pixel pitch. The spacing 
in the lines in which ttiey are deposited of the small droplets is small compared wifli tfie diameter of the 
small droplets, 0.83 um compared with 10 um for twelve pixels per mm and 1.67 um compared with 15.7 
um for she pixels per mm. Also, the period during which a droplet sequence is ejected, i.e 

64 X 10^ = 0.35 msec, 
180000 ' 

for 12 pixels per mm and 

£4 X 10^ « 0.7 nnsec 
90000 

for six pixels per mm is short compared with the time, of a few milliseconds, that ink takes to be absorbed 
into the paper substrate. 



Thus the deposited lines of ink droplets in each pixel have time to collect and spread as dots on the 
paper surface. The line in which the droplets from any particular nozzle are deposited has fitOe effect on the 
shape but only on the diameter oiF the dot f^med at the pbcel. Figure 1 shows that the relative timing of the 
depo^tion of the lines of droplets at the pixels Is chosen so that each drop sequence is deposited 

6 symrhetridally with r^pe6t to the corresponding pixel. This reduces any distortion in the image which could 
result in contouring and inhibits any tendency to merging of the droplets deposited at adjacent pixels. 

Referring now to Rgure 2, there is illustrated therein a printh^ad 100, which is generally similar to that 
described in relation to Rgures 2(a) to (d) of EP-A-0 278 590 the contents of which are herein Incorporated 
by reference. The printhead 100 comprises a sheet of pie2o-eIectric material poled in a direction normal 

10 thereto and formed with parallel channels 104 at a density of two or more per millimetre having channel 
dividing side walls 108. The channels 104 are each lined with a metal electrode layer (not shown). The 
channels which are arranged in three groups of interieaved channels with the channels of the groups 
disposed successively, are actuated in shear mode by applying an electric potential difference between the 
electrode layer of an actuated channel and the electrode layers of the channels on either side of the 

75 actuated channel. The potential difference applied is a signal of frequency at or near the longHudina! 
acoustic resonant frequency of the channels and is appliisd for the duration of a number of pulses of the 
signal corresponding to the number of droplets which it is desired to eject from the actuated channel. The 
channels are supplied with printing liquid from a comrnon supply duct 108 connected with each channel at 
ttie end thereof opposite that at which is located a nozzle plate 107 formed wfth respective nozzles 109 

20 which temhlnatB the channels. The nozzles of each group are co^lirieariy disposed transversely to the 
GRrection of movement of a substrate (111), e.g. paper and the groups of nozzles are spaced in the direction 
of substrate movement. 

Rgure 2 illustrates cii-cultry for operating channels of one of the three channel groups. This comprises 
connections 110 to the electrodes of ttie channels of ttie group, like connections (not shown) being made to 

25 tiie electrodes of each of the channels of the ottw two groups. 

The connections 110 lead to the channels 104 from a processor 112 which is supplied witti clocic pulses 
from a conductor 114, the . pulses on which in sequence enable the connections 110 to the respective 
groups of channels. A further clock line conductor 116 provides the processor with clock pulses at a 
frequency at or near that of the longitudinal acoustic resonarrt frequency of the channels. Print data in the 

30 fonm of multi-bit words (a) instructs the processor as to which channels of the group of channels which are 
enabled by ttie pulse on ttie conductor 11 4 are to be selected for actuation, (b) activates ttie selected 
channels ea* with a number from 1 to 64 of pulses at the frequency supplied by way of the conductor 
116. and (c) locates ttie pulses activating tfie selected channels centrally in the period during which the. 
connections 110 of the group are enabled. 

35 The frequency of pulses supplied by way of ttie conductor 114 is one-hundredtti ttiat of ttie pulse 
frequency supplied by way of conductor 116 and the period of the pulses at the frequency supplied via 
conductor 116 is equal to the time taken for successive pixels oh the substrate to pass the channel nozzles. 
It will bB apparent that clock line conductor 114 is not strictty necessary since ttie processor can k>e 
arranged to afford pulses, divided from the pulses supplied by way of conductor. 116. for enabling ttie 

40 connections 110 to ttie channels of each group at a frequency of one-hundredtti ttiat off tiie frequency 
supplied by way of ttie conductor tl6. 

It will iaJso be appreciated tfiat at any instant during operation, an actuated channel is separated from 
the next nearest actuated channel by at least two inactive channels. Because of this crosstalk t}etween 
channels Is reduced and risk of spurious droplet ejection from inactive channels adjacent actuated channels 

45 is avoided. 

The spacing, referred, to above, of channel nozzles of each group in the direction of printing substrate 
movement compensates for ttie time intarval between tiie actuation of the selected channels of ttie groups 
so that printed spots deposited at the pbcels of each row thereof transverse to substrate movement appear 
substantially collinear. 

so Rgure 3 illustrates diagrsimmatically an alternative manner in which the droplets are ejected from the 
nozzles of ten channels, of a segment.of a high density .array prtnttiead of ttie type described in EP-A-0 278 
590, for e)3mple, with respect to Rgure 2(a) to (d) ttiereof. The channels here are arranged in two groups of 
Interleaved odd and even numbered channels. To activate a set of adjacent channels, the selected channels 
of one group are activated by applying a resonant wavetonn in alternating , phase vrith the channels of the 

65 other group. Thus drops are ejected from channels of the two groups In numbers depending on the number 
of waveforms applied In alteniating phases of ttte resonant wavefbnm as ttie dividing walls pressurise 
channels of the interleaved groups alternately. 
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In Figure 3 the densities at pixels opposite the ten channel nozzles are for channels 1 to 10 respectively 
84, 64, 60. 55, 40, 32, 17, 8, 5 and 1 droplets. A single pixel in the direiction of relative motion l>etween the 
printhead and paper substrate Is traversed in a period which Is equal to the period of 100 cycles of the 
resonant frequency of the channels, l.e. for the frequencies 160 KHz and 00 KHz of the table set out above 

s of typical values; respectively, 6.55 and 1.11 irnsetis; These times are those Which it would take to emit 100 
droplets from each channel. The dots In the drawing represent droplets a maximum of 64 of which are 
deposited from any particular channel per pixel and the actuation of the channels Is preferably arranged so 
that the droplets deposited from any particular channel are symmetrically deposited with respect to the 
pixel being printed, that is to say the centre of the pixel is traversed after the elapse of fifty of the hundred 

10 cycles allocated to that pixel. The lateral pitch of the channel nozzles is made equal to the tohgltiidinal pitch 
of the pixels traversed by each nozzle. 

Thus in each pixel period, i.6. the period In which, rf supplied to the electrodes of any particular 
channel, the applied voKage pulses would generate 100 droplets, the number of droplets from each channel 
would be between one 6nd sixty-fouf In the numbers stated earlier. 

T5 The droplats are ejected from the selected odd numbered channels as a result of actuation of the 
channels during the positive pskrts of the cycles and the selected even numbered channels are actuated one 
half cyde following, that is to say, out of phase with, activation of the seteded odd numbered channels. 

Printing starts with the pixels having the maximum number, i.e. 64, of droplets which are the pixels 
traversed by the nozzles of channels 1 and 2 and the timing of droplet deposition proceeds as fbiiows:- 

20 



26 



30 



as 



40 



45 



60 



65 
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Cycles 


Channels 
Depositing Drops 


Cycles 


Channels 
Depositing Drops 


Cycles 


Charfhels Depositing Drops 




0 to 18 


NIL 


30* 


2,4 


42* 


2,4,6 


5' 


\9 


1 


-31 


-1.3J5 


43 


1.3,5.7 




19* 


2 


31* 


2.4 


43* 


2,4,6 




20 


1 


32 


1.3;5 


44 


1.3;5,7 


10 


20i 


2 


32* 


2.4 


44* 


2,4.6 




21 


1.3 


33 


1.3,5 


45 


1.3.5.7 




21* 


2 


33* 


2,4 


45* 


2.4.6 


16 


22 


1.3 


34 


1.3.5 


46 


1,3,5,7 


22* 


2 


34* 


2,4 




2,4,8 




23 


1.3 


35 


1.3,5 


47 


1.3.5.7 




23* 


.2.4 


^35* 


.2,4,6 


47* 


.2,4,6.8 


20 


24 


1.3 


36 


1.3,5 


48 


1.3,5.7 




24* 


2,4 


36i 


2,4,6 


48* 


2,4,6,8 




25 


1.3 


37 


1.3.5 


49 


1,3.5.7,9 


25 


25* 


2,4 


37* 


2v4,6 


49* 


2,4,6,8 




26 


1.3 


38 


1,3.5 


50 


1.3,5,7,9 




26* 


2,4 


38* 


2,4,6 


50* 


2,4,6,8,10 


30 


27 


1.3 


39 


1,3,5 


51 


1.3,5,7,9 


27* 


2j4 


39* 


2i4ie 


61* 


:2,4i6i8 




^8 


t;3 


40 


■1.3,5 


.52 


.1.,3J5,7.,9 




28* 


2,4 


40* 


2,4,6 


etc etc 


etc etc 


as 


29 


1.3 


41 


1,3,5 


m 


mr 




29* 


2;4 


41* 


2.4.6 


n 


n 




30 


1.3 


42 


1.3.5,7 


83 to 100 


NIL 



40 

It will be apparent from Inspection of the above table that the band of actuated channels gradually 
widens and then nanrows. Channel No. 1 thus deposits drops every cycle from cycle 19 to cyde 82, 
channel No. 2 every half cycle from cycle 19* to 82*. channel No. 3 every cycle from cycle 21 to cyde 80. 
channel No. 4 every half cycle from cycle 23* to cycle 79*. channel 5 every cycle from cyde 31 to cycle 

46 70, diannel 6 every half cycle from cycle 35* to cycle 66*, channel 7 every cyde from cycle 42 to cycle 
58. channel 8 every half cycle from cycle 47* to 54*, channel 0 every half cycle from cyde 49 to cycle 63, 
and channel 10 aft half cycle 50*. 

By reducing the period in which a pixel is traversed and redudng the density of printing. It becomes 
possible to simulate the laying down of liiies of "varying linear density. 

60 Although In operation of either of the described embodiments of the invention the frequency of 
operation, which may be in the range 25 to 250 KHz. and the small size of nozzle employed tend to ensure 
that the drop sequences emitted from the nozzles comprise separate drops, there may be an inclination for 
the first few drops of a sequence to marge. This can be avoided by applying initial sub-threshold resonant 
waveforms or by increasing the enwgy content of the first few pulses applied by the electricalty operated 

Bs means of the printhead to the channel selected for droplet ejection. 

It is to be noted that the embodiment of Rgure 3 represents a higher speed (x3) emt)odlment of 
printhead. However it is limited in the range of patterns it will print, to a maximum spatial frequency, it will 
prim "white, black, white"; but not "blade, white, blade" across the row of channels. Orfferentiy expressed. 
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Itje embodiment of Figure 3 with a density of nozzles at 12 per mm. prints any pattern at spatial 
frequencies^ of and . below 4 tines per mm: but is restricted in the patterns that can be printed at spatial 
frequency of 6 lines per mm. The embodiment of Figure 2 does not have such a restrlctlbn but operates 
more slowly. 

5 

daims 

1. The method of printing employing drop on demand ink jet apparatus comprising an array of parallel 
channels disposed side by side and having respective side walls which extend in the lengthwise 

10 direction of the channels and separate one from the next of the channels; a series of nozzles which 
communicate respectively with said channels for ejection of droplets of ink therefrom; connection 
means for connecting the channels with a source of ink and electrically actuat)le means for effecting 
upon selection of any of said channels transverse displacement of a portion at least of a channel 
separating side wall of said selected channel to apply a pulse of energy to Ink contained in the selected 

IS channel to effect droplet ejection tharefifom; characterised by the steps of choosing the length of said 
channels and the dimension and k)cation of said nozzles to afford a longitudinal acoustic resonant 
frequency of 2S KHz or more; selecting a channel and a tone of printing for that channel, and actuating 
the electrically actuable means to apply a sequence of pulses of energy of amplitude and frequency to 
cause droplet ejection from ^e selected channel at or near the longitudinal acoustic resonant frequency 

20 to eject a conresponding number of droplets; said number being determined by the selected tone of 
printing. 

2. The method as claimed in Claim 1» wherein said electrically actuable means effecting droplet ejection 
from said channels by displacement of respective, piezo-electric side wall portions of said channels. 

25 

3b The method claimed In Claim 1 or Claim 2, and in which the substrate Is moving continuously relatively 
to the printing apparatus, characterised by effecting droplet depositkm from each channel over a length 
of said substrate witiiin a printing element area traversed by channel. 

so 4. The method claimed in Claim 3, characterised by effecting droplet deposition on said substrate from 
each channel in approximately two thirds of ttie pitch of said printing element areas. 

5. The metfiod claimed in Claim 3 or Claim 4. characterised by enabling deposition on each printing 
element area from the conresponding channel of any numtier, up to ^3cty-f6ur, of droplets. 

36 

6. The method claimed in Claim 3. Claim 4 or Claim 5. comprising the step of effecting droplet deposition 
on said substrate syhnmetrically with respect to the printing element area printed by said channel. 

7. The method claimed in any one of Clatms 3 to 6. comprising the step of effecting substantial equality 
40 between the pitch of the printing, element areas on the substrate in said direction of relative movement 

and the pitch of said nozzles. 

8. The method claimed in any one of the preceding claims, In which said apparatus is a printhead 
comprising a t>ody of piezo-electric material in whtoh said channels are fomned and opposed channel 

45 dividing side wails of each of said channels have respective piezo-electric portions which are 
. displaceable in shear mode by operation of said electrically actuable means to effect droplet ejection 
from said channel, comprising arranging the channels in a plurality of groups of interieaved channels, 
enabling simultaneously in each group loir droplet ejection ^lect^ thdHndls thereof and actuating the 
selected chamieis of each group in successive phases of the frequency of said energy pulses. 

50 

9. The method claimed in Claim 8. and in which tt^e channels are an^anged in two groups, comprising the 
step of enabling for droplet ejection selected channels of one of said groups at an Intend following 
enabling of selected channels of the other of said groups of a half cycle of the frequency of pulses 
applied by said electrically operated means to the channels selected for droplet ejection. 

65 

10. The method according to any one of Claims 1 to 8, wherein tiie channels are arranged In two 
interieaved groups of odd and even channels respectively, comprising the steps of selecting a band of 
adjacent channels for droplet ejection and actuating the electrically actuable means to apply sequences 
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of pulses of energy to the odd channels off the band in anti-phase with sequences of pulses of energy 
applied to the even channels of the band to eject conresponding numbers of droplets from the odd 
channels In the band in anti-phase with the ejection of droplets from the even channels In the band. 

5 11. the m^ethod accordirig to Claim 10. coih^rising the further step of varying the width of the band of 
selected channels in successive cycles of tl^ resonant frequency to vary the print density. 

12. TTie method claimed in any one of Claims 1 to 7 In which said apparatus is a printhead comprising d 
body of piezo-electric material in which said channels are fbnmed and opposed channel dividing side 

10 walls of each of said channels have respective piezo-electric portions which are dispiaceabie by said 
electrically actual)le means to effect droplet ejection from said channels, characterised by an^anging 
said channels In at least three groups of interleaved channels, each group having between successive 
channels a channel of each of the other groups and simultaneously enabling for droplet ejection 
therefrom, droplet ejection of droplets from selected channels of each group being effected In 

75 successive Inten^als. 

13. The method claimed in any one of the preceding claims wherein the channel length, channel nozzle 
diameter and channel den^ respectively lie in the ranges of 10 to 1mm, 20 to lOiim and 2 to 12 per 
mm. 

20 

14. The method ciainndd in any one of the preceding claims, wherein said frequency of pulses applied by 
the electrically actuated means is In the range 50 KHz to 250 KHz. 

15. The method claimed in any preceding claim, comprising the step of controlling the energy content of 
26 Initial pulses of each of ' said sequences of pulses to ensure that the droplets emitted by said initial 

pulses are mutually separated. 

16. The method claimed in Claim 1. In which the channels are an^nged in a plurality of rows extending 
transversely to the direction of relative motion of the substrate and the apparatus and the nozzle pitch 

30 In each row is a multiple equal to the number of said rows of the pitch of said printing element areas in 
the direction transverse to said direction of relative motion, comprising the step of disposing the rows of 
channel and thehr nozzles so that the nozzles d one row serve to print picture, element, areas of. a row 
of such areas on the substrate which are being printed which extends normal to said direction of. 
relative motion wtiich are Interleaved with those which the nozzles of the otfier rows serve to print. 

35 

17. The method claimed in Claim compri^ng the step of effecting each printing operation with the 
sut>strate and apparatus sta^bnary and causing relative motion between the substrate and the 
apparatus between successive printing, operations to move the substrate relatively to the apparahjs by 
the pitch in said cfirsction of relative motion of the printing element areas. 

40 

18. The-method ciiJmed in Claim 17, corpprising the step of printing by depositing droplets from the 
channel nozzles in the centre of eadi pririfmg etoment area printed. 

19. TTie method claimed fn any preceding claim, connprislng tfie step of anwiging the anrays of channels In 
45 a set or sets of four rows of channels, the rows of each set being respedhreiy supplied with black ink 

and Ink of the three prirnary colours and disposing the rows of each set for printing a row of printing 
element areas extending transversely to the direction of relative motion of the array and the substrate 
so that each area printed can t)e printed in black ink or ink of any of the three pnrnary colours. 

50 20. Drop on denDand iilk jet apparatus comprising an array of parallel channels disposed side by side and 
having respectivd Side walls which extend In the lengthwise direcUon of the channels and separate one 
from the next of the channels: a series of nozzles which communicate respectively with said channels 
for ejection of droplets 6f ink therefrom; connection means for connecting the channels with a source of 
ink and eiectncally actuable means for effecting upon selection of ariy of said channels transverse 

.6S displacement of a portion at least of a channel separating side wall of said selected channel to apply a 
pulse of energy to ink contained in the selected . channel to effect droplet ejection therefrom; 
characterised in that the length of said chahnels and the dimension and length of said nozzles are such 
as to afford a longitu<final acoustic resonant frequency of 25 KHz or mora and that upon selection of a 
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channel and upon selection of a ton© of printing for that channel, the electrically actuable means serves 
to apply a sequence of pulses of energy of amplitude and frequency to cause droplet ejection from the 
setected channel at or near the longitudinal acoustic resonant frequency to eject a corresponding 
number of drojilets, slald number being determined by the selected tone of printing. 

6 

21. Apparatus as claimed in Claim 20. wherein said channels are formed in a body of piezo-eiectric 
material and have side wall portions poled so as lo be displaceable by operation of said electrically 
actuable means. 

10 22. Apparatus as claimed In Oaim 21, wherein sdid Mb wall portiohs are poled so as to be displaced in 
shear mode by said electrically actuable means. 

23. Apparatus as claimed In any one of Claims 20 to 22 wherein said channels are arranged in a plurality of 
. groups of interleaved channels, the channels of the respective groups being disposed in repeated 

IS sequences and said electrically actuable mieans are adapted to cause selected channels of each group 
to be enabled for actuation simultaneously and to effect enabling of the groups of channels in 
successive intervals of duration to allow ejection of several drops from the enabled channels. 

24. Apparatus as claimed in Claim 23, in which all channel dividing side walls are actuable and facing 
so channel side walls are displaced by said electrically actuable means to effect droplet ejection from a 

channel therebetween, wherein the channels are arranged in at least thr€»e groups of intarieaved 
channels. 

25. Apparatus according to any one of Claims 20 to 23, wherein the channels are arranged in ttfo 
25 interleaved groups of odd and even channels respectively arid wherein the electrically actuable means 

serves upon selection of e band of adjacent channels to apply sequences of pulses of energy to the 
cdd channels cf the band in anti-phase with sequences of pulses of energy applied to the even 
channels of the band to eject con^esponding numt)8rs of droplets from the odd channels in the band In 
anti-phase with the ejection of droplets frt)m the even channels of the band. 

30 

26. Apparatus as claimed iii Claim 20, in which all channel dividing side walls are displaceable and facing 
channel side waUs are displaced by said eilectrlcally actuable means to effect droplet ejection from a 
channel therebetween, wherein the channels are anranged In two groups of interteaved channels and 
said electricity actuable means are adapted to enable simultaneously selected channels of the' 

35 respective groups and to enable the groups of channels in sequence, the period that channels of the 
groups are enabled t>eing adequate to allow ejection of several droplets therefrom. 

27. Apparatus as claimed in Claim 26, wherein said electrically actuable means are adapted to enable 
droplet ejection from adjacent channels at successive half cycles of the frequency of actuation pulses 

40 applied to the channels. 

28. Apparatus as claimed in any one of Claims 20 to 27, wherein said electrically actuable rtieans are 
adapted to enable each channel for a period sufficient for ejection therefrom of up to sixty-four droplets. 

45 29. Apparatus as claimed In any one of Claims 20 to 28, wherein the channel length, channel nozzle 
diameter and channel density respectively lie in the range 10 to imm, 20 tb lOum and 2 to 12 per mm. 

30. Apparatus as claimed in any one of Claims 20 to 29. wherein the chahYilels arS anranged In a plurality of 
rows extending In operation when said apparatus is printing on printing element areas of a substrate 

60 transversely to the direction of relative motion between the apparatus and the substrate and the nozzle 
pitch in each row is a multiple equal to the number of said rows of the pitch said printing element areas 
in the direction transverse to said direction of relative motion and said channels and their nozzles are 
disposed so that the nozzles of each row 'serve to print picture element areas of a row of such areas on 
the sut>strate which are b^ng printed which extends nonfnal to said direction of relative motion and 

& which are interieaved with those which the nozzles of the other rows serve to print. 

31. Apparatus as claimed in any one of Claims 20 to 30, wherein the anray of channels is ari^hged in a set 
or sets of four rows of channels, the rows of each set being adapted for the supply tiiereto respectively 
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of black ink and ink of one of the three primary colours, and the nozzles of the rows of each set are 
disposed to enable printing of printing element areas by any channel of said set in black ink or ink of 
any one of the three primary colours. 

6 PatentansprUche 

1. Verfahren zum Drucken unter Verwendung ©iner Tr^pfchen auf Anforderung abgebenden Tintenstrahl- 
vorrichtung mit elner Anordnung paralleler Kanfile. die Seite. an Safte- angeordnet sind. und Jeweilige 
SeitenwSnde haben, ' die sich in Lilngsrichtung der Kaniie erstrecken und ehten Kanal von dem 

10 nSchsiiiegenden trennen; mit einer Reihe von DUsen, die jeweits mft den KanSien in Verbindung stehen, 
um die Tintentrfipfchen daraus auszustoflen; mit Verbindungselnrichtungen zur Verbindung der KanSle 
mit elnem Tintentank bzw. einer Tlntenquelle und mit elektrisch betfitigbaren Einrichtungen. um nach 
der Auswahl trgendeines der KanSie transversate Lageanderungen eines Abschnitts wenigstens einer 
einen Kanal trennenden Settenwand des ausgewShlteh Xanals zu bewirken. um einen Energiepuls auf 

75 die Tlhti» zu Obertragen. die in dem ausgewMhIten Kanal belnhaltet tst, um daraus einen TirSpfchen- 
AusstoB zu bewiricen: gekennzalchnet dutch die Schritte der Wahl der LSnge der KanSle und der 
Abmessung und Position der DQsen, um eine longitudinale akustische Resonanzfrequenz.von 25 kHz 
Oder mehr zu gewflhrieisten. des AuswMhlens eines Kanals und eInes Drucktonwertes fUr diesen Kanal 
und Betitigung der elektrisch batSfigbaren Einrichtungen, um eine Energiepulsfoige einer Amlitude und 

20 Frequenz anzuiegen, um einen Tropfchen-AusstoB von derh ausgewahllerl Kanal bei oder nahe bei der 
longitudinalen akustischen Resonanzfrequenz zu bewiricen. um eine entsprechende Anzahl von TrSpf- 
chen auszustofien, wobei die Anzahl durch den.gewShlten Drucktonwert bestrmmt wird. 

2. Verfahren nach Anspruch 1, bei welchem die elektrisch betStigbaren Einrichtungen ein Tropfchen- 
26 AusstoB aus den KanSlen durch LageSnderung entspt^ender ptozoeleklrischer Seitenwandabschnitte 

der KanSle bewtrken. 

3b Veriahren nach Anspruch 1 oder 2, bei ^chem das Trdgermaterial sIch kontinuieriich relativ zu dor 
Druckvorilchtung bewegt; dadurch gekonnzelchnet, daS ein Trdpfchen-Aiiftrag von jedem Kanad Qber 
30 eine L^nge des tr&germaterials innerhalb efnes Druckelementberetehs bewirict wird. der von dem Karial 
Uberquert wird. 

4. Verfahren nach An^ruch 3, gekeimzelchnet durch die Bewiri(ung eines Tr5pfchen-Auftrags auf dem. 
TrSgenmate ria l von Jedem Kanal in etwa zwei Dritteln der Teiiung der [)ruckelementberdche. 

as 

5. Verfahren nach Anspruch 3 oder 4, dadurch gekennzeichnet. daB ^n Auftrag auf jedem Druckete- 
mentberelch vbri dem enisprechenden Kaifial in beRebiger Trdpfchen-An^hl, bis zu 64. ermdglicht 

wird. 

40 6. Verfahren nach Anspruch 3. Anspruch 4 Oder 5. das den Schritt aufweist, einen Tr5pfchen-Auftrag auf 
dem Trfigermaterial symmetrisch In bezug auf den Druckelementbereich zu bewirken, der durch den 
Kanal bedruckt wird. 

7. Verfahren nach einem der AnspriJche 3 bis 6. das den Schritt aufweist eir)e wesentiiche Gieichheit 
45 zwischen der Teiiung der Druckelementbereiche auf dem TrSgermaterial in der Richtung der Relativbe- 
wjegung urul der Teiiung der DQsen zu bewirken. 

a. Verfahren nach irgendelnem der voriiergehenden AnsprQche, bei wetehem die Vorrichtung ein Druck- 
kopf ist. der einen Kdrper aus piezoelektrischem Material aufweist, \t\ welches die KanSle geformt sind, 

so und bei welchem gegenOt)eriiegend den Kanal at)trennende Sertenwfinde eines jeden der KanSle 
jeweilige piezoeleklrische Abschnitte haben, die im Schermodus In ihrer l^e durch die BetStigung der 
elektrisch betStigbaren Einrichtung verShderi[)ar sind. um einen trOpfchen-AusstoS vdri dem Kanal zu 
bewiricen. und das die Anordnung der KaiiSfe in einer Vielzahl von Gruppen Qberiappender KanSle 
aufweist und wonach in Jeder Gruppe zum TrSpfchen-Ausstofi gleh:hzeitig daraus ausgaw^htte KanSle 

65 freigegeben werden und wonach die gewShlten KanSle einer Jeden Gruppe in aufelnanderfolgenden 
Phasen der Frequenz der Energlepulse t)etStigt werden. 
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9. Verfahren nach Anspmch 8. bei welchem dier KanSle in zwei Gruppen angeordnet sind. das den Schritt 
aufweist. zum Tr^^pfchen-AusstoB ausgewatiHa KanSle aus einer der Gruppen in einem Interval) 
frelzugeben. das der (^reigabe ausgew&hlter Kan&le der anderan Gruppe fQr eine halbe Periode der 
Frequenz der Pulse folgt, die durch die elektrisch betStigten ElnrlclTtung9n an die fOr den Trdpfchen- 
. 5 AusatdB aus^wahlt^ Kanaie. angetegt werden. 

-10- Verfahren TTach ir gende li w i n xter AnsprOche 1 tis 8, tei vvetchemxIie'Kanflle in^zwei^h Dbeiiappen- 
den Gruppen geradiar bzw. ungerader KanSle angeordnet sihd, dias dfe Schrltta aufwelist, eih Band 
k)enachbarter Kanaie zum Trdpfchen-AusstqB auszuwahlen und die. elektrisch betStigbaren Einrichtun- 
10 gen. zu b6tSitigen...um. Energiepulsfoigen.auf die un^raden KanSle jdes Bandes in entgegengesetzter 
Phase zu den Energlepulsfblgen anzulegen, die an die geraden KanSile des Bandes angetegt werdeni 
xrm etne entsprechende Anzahl von Tropfchen aus den ungeraden Kangien in d^ 
gesefzter Phase zu dem AussfbB disr TrSpfbhen von den geraden KanSlen Hi den) Band auszustbSian. 

IS 11. Verfahren nach Anspruch 10, das den weiteran Schritt einer Variation der Brelte des Bandes der 
ausgewahtten KanSle in aufeinanderfblgenden Perioden der Resonanzfrequenz aufweist, urn die Druck* 
dichte zu variieren. 

12. Verfahren nach trgendeinem der AnsprQche 1 bis 7. bet welchem die besagte Vonichtung eln 
20 Druckkopf iist, der einen Korpisr eines piezoelektrlschen Materials aufweist, in dem die KanSle geformt 
sind und bei wetehem gegenQbertiegende..den Kanal abtrenhende Seitenwaride eines jedein der KanSle 
entsprechende plezoelektrische Abschnl^ haben, die in ihrer lage durch die elektrisch t)etMtigbaren 
Bnrichtungan verdnderbar sind. urn etnen Trfipfchen-AusstoS aus den Kan&ien zu t>6wirken, gekenn- 
zelchnet durch die Anordnung der Kanaie in wenigstens drei Gruppen Qberlappender Kanaie, wobei 
26 jede Gnjppe zwischen aufetnanderfblgenden KanMlen einen Kanal einer jeden der anderen Gruppen 
hat, durch glelchzeitiges Freigeben zum Tr(5pfchen*Ausst6B daraus, wobei ein Trdpfchen-AusstoB von 
TrSpfchen von au«gavi^hKen Kanilen einer Jeden Gruppe in aufeinanderfolgendan intervailen bewirld 
wird. 

30 13. Verfahren nach einem der vorhergehenden AnsprQche, bei welchem die Kanali&nge, der iCanal- 
DUsendurchmesser bzw. die Kanaldichte in einem- Bereich von 10 bis 1 mm, 20 bis 10 urn bzw. 2 bis 
12 pro mm liegen. 

14. Verfahren nach einem der vorhergehenden AnsprQche, bei wetohem die Pulsfrequenz, die durch die 
3$ elektrisch betStigbaren Enrichtungen angetegt wird. sich in einem Bereich von 50 kHz tns 250 klHz 

befindet. 

15. Verfahren nach einem der vorhergehenden AnsprQche, das den Schritt aufweist, den Energieinhalt der 
Anfangsimputee eines jeden der Putefblgen zu aleuem. urn zu gewSihrletslen, da6 die emittterten 

40 TrSpfchen durch die Anfengspulse voneinander getrennt sind. 

16. Verfahren nach Anspruch 1. bei welchem die K^file in einer Viielzahl von Riaihen angeordnet sind. die 
sIch transversal zu der IHIchtung der relativen Bewegung des TrSgermaterials und der Vonichtung . 
erstrecken und bei welchem die DQsenlBiiung in jeder Reihe eln VieKaches ist. das gleich der Anzahl 

45 der Reihen der Tetlung der Druckelementbereiche in der Richtung transversal zu der Richtung der 
Relativbiewegung ist, das den Schritt aufweist die Kanalraihen und ihre DUsen so anzuordnen. daB die 
DQsen einer Rethe dazu dienen, Blldelemenfbereiche einer Reihe solcher Bereiche auf dem Tr^germa- 
terial zu drucken. die bedruckt werden, die sich nomnal zu der Richtung rdtativer Bewegung erstreclm 
und die sich mft ianen Qberlappen. fQr die die DQsen der anderen Rislhen zum Drucken dienen. 

50 

17. Verfahren nach Anspruch 1, das den Schritt aufweist. )ede Druckoperaton bei ruhendem TrSgemiatertdl 
und ruhender Vorrichtuhg zu bewirken und eine relative Bewegung zwischen dem Trfigenmaterial und 
der Vorrichtung zwischen autelnanderfdigenden Druckoperatibnen zu bewirken, um das Tragarmaterial 
relativ zu der Vorrk:htung um die Teilung In die Richtung der Relativbewogung der Druck6terhentt)erei- 

65 Che zu bewegen. 

1& Verfahren nach Anspruch 17, das den Schritt aufweist, durch das Auftragen von TrOpfchen aus den 
KanaldUsen in der Mitte eines jeden Druckelementbereiches, der bedmckt wird. zu drucken. 
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19. Verfahren nach einem der vortiergehenden AnsprUche, das den Schritt aufweist, die Anordnungen von 
KanSlen in einem Satz oder Siizen von vier Rejhen von KanSlen anzuordnen, wobei die Reihen eines 
jeden Satzes Jewells mit scliwarzer Time bzw. Tlnte der drei Prim&rfarben versorgt werden und die 
Risihen eines Jeden Satzes angeordnet werden. um eine Reihe von Druclcelementbereichen zu drucken, 

6 die sich transversal zu der Richtung der Relativbewegung der Anordnung und des Tragemiaterials 
erstrecken. so dafi Jeder Bereich. der gednjckt wird. In scriwarzer Tinte Oder Time irgendeines der drei 
PrfmSrfarben gedruckt wird. 

20. Tintsnstrahlvorrichtung. die Trdpfchen auf Anfbrderung abgibt, mit ^ner Anordnung paralleler KanSle, 
10 die Selte an Seite anigeordnet sind, und die ent^prechende Seitenw&nde haben, die sich in Ungsrich- 

tung der KanSte erstrecken urid einen von den nSchsten der KanSile trennen; mit elher Reihe von 
OGsen. die emsprechend mit don KanSlsn zum AusstoB von Tmtenfropfchen davon in Verbindung 
stehen; mit Verbindungseinrichtungen zur Verbindung der KanSle mit einer Timenquelle und elektrisch 
betatigbare Einrichtungen. um nach der Wahl eines jeden der KanSle eine transversaie LageSnderung 

75 eines Teits wenigstens einer den Kanal atitrennenden Seltenwand des gewMhIten Kanafs zu bewirken, 
um einen Energiepuls auf die Tinte zu Ubertragen, die in dem ausgewShiten l^anal Iseinhaltet ist, um 
eifien TrdpfchenausstoB daraus zu bewifken; dadurch gekennztiichnet daB die LSinge der KanSiie und 
die Abmessung und die LSnge der DUsen so sind, dafi sie eine longitudinale akustische Resonanzfre- 
quenz von 25 kHz und mehr gewShrlelsten und daB nach der Wahl eines Kanals und nacb der Wah) 

20 eines DnicktonwertBS fUr diesen Kanal di& eleklrisch bet&tigbareh Einrichtungen zurh Antegeri einer 
Energiepulsfblge einer Amplitude und Frequenz dienen, um einen Tr5pfchen-Aussto6 von dem gewShh 
4en K£Hiai M oder nsto bei <ler Jongitudinalen akustlschen Resonanzfrequenz zu bewirken, um eine 
entspriachehde Arizahl von TrSpfchen auszustoBen. wobei die Anzahl durch den gew&hften Druddon- 
wert bestimmt wird. 

25 

21. Vomchtung nach Anspruch 20, bei welcher die Kah£ile in einem Kdrper plezoelekblschen Materials 
gafonmt sind und bei- walcher die .Seitenwandabechnitte eo gepoK sind, dafi sie in ihrer Lage durch die 
BetStigungder elektrisch fietStigbaren' Qnrichtungert verSnderbar sirKJ. 

30 22. Vorrichtung nach Anspruch 21, l^el welcher die Seitenwandabschnrtte so gepolt sind, daB sie im 
Schermodus durch die elektrisch betStigbaren Einrichturigen in ihrer Lage verdndert werden. 

2a Vonichbmg nach einem der AnsprUohe 20 bis 22. bei welcher die Kanfile in einer Vleizahl von Gruppen . 
sich (lt)eriappender ' KanSile "angeordnet "sfnd, Wot>ei 'die Kanfile 'der entsprebhenden Gruppen In 
3s wiederhoiten Folgen angeordnet sind und die elektrisch betatigt)aren Einrichtungen eingerichtet sind, 
um zu bewirken. dafi die gewShlten Kanale einer jeden Gruppe zur BetStigung gleichzeitig .freigegeben 
werden .und um die Frelgabe der .Gruppen von KanHlen in aufeinanderfolgenden imervallen von 
Zeltdauem zu t)ewirken. um den AusstoB mehrerer Tropfen von den frelgegebenen KanSlen zu 
erm5giichen. 

40 

24. Vonlchtung nach Anspruch 23, bei welcher alle einen ICarial abtrennende S^enwdnde be^tlgbar sind 
und sich gegenUt>erliegende KanateeitenwSnde durch elektrisch bet&tigbare Einriditungen in Ihrer Lage 
ver§ndert werden, um einen Trdpfcheh-Ausstofi von einem dazwischentiegenden Kanal zu bewiricen, 
und f^^'^weteher-die-KanSie in-wenigstensdrei Gruppen {iberlappender KanSle angeordnet sind. 

45 

25. Vorrichtung nach einem der AnsprQche 20 bis 23. bei welcher die Kanale in . zwei Qbertappenden 
Gruppen ungerader bzw. gerader Kan&le angeordnet sind und bei welcher die ei^ctrisch betstigbaren 
Einrichtungen nach der Wahl eines Bandes benachbarter KanSle zum Anlegen einer Eneigiepulsfolge 
an die ungeraden Kanfile des Bandes gegenphasig zu der ^ergiepulsfolge dienen,^ an die geraden 

5D KanSle des Bandes angetegt werden. um eine entsprechende Anzahl von TrOpfchen von den ungera- 
den KariSlen in dem^and gegenphasig zu der AusstoB vonTiVpffchen von den geraden Karil&len des 
Bandes auszustoBen. 

•26. Vorrichtung nach V^pruch 20. bei welcher alle einen Kanal abtrennende Seitenw&nde in Ihrer Lage 
55 verSnderibar sind und sich gegenUberiiegende Kanalseitenwfinde durch die elektrisch betMtigbaren 
Einrichtungen In Ihrer Lege vefShdeft werden, um dinen Tf5pfchen-AusSt06 von dinerri dazWischenlie' 
genden Kanal zu bewiriceni bei welcher die Kan&le in zwei Gruppen Qberiappender KanSte angeordnet 
sind und die elektrisch betfitigbaran Mittel eingerichtet sind, um gleichzeHig gewMhlte Kan&le der 
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entsprechenden Qruppen freizugeben und urn die Qruppen der KanSle in Folge freizugeben, wobei die 
Periode, in der die KanSle der Gruppen freigegeben werden, angemessen ist, um den AusstoB 
mehrerer Tr6pfchen davon zu erm5g!ichen. 

fi 21. Vorrichlung nach Anspmch 26, beJ welcher die elaktrisch betatigbaren Qnrichtungen eingerichtet sind, 
um eineh TrGpfchen-AusstoB von den benachbarten KanSlen in aufeinanderfolgenden Halbperioden der 
Frequenz der BetStigungsputse ztj ermdgltchen. die an die KanSte angelegt werden. 

2& Vorrichtung nach einem der AnsprOohe 20 bis 27, bei welcher die elekbisch betSfigbaren Einrichtungen 
70 elngeHchtet stnd. uno jeden Kanal fOr eine Periode freizugeben, die ausrelchend zum AusstoB von bis 
zu 64 Tr6pfchen dareus ist. 

29. Vorrichtung nach einem der AnspKiche 20 bis 28. bei welcher die Kanall9nge. der KanaldUsendurch- 
messer bzw. die Kanaldichte in einem Bereich von 10 bis 1 mm. 20 bis 10 um bzw. 2 bis 12 pro mm 

75 liegen. 

30. Vomchtung nach einem der AnsprQche 20 bis 29, bei welcher die KanSte in einer Vielzahl von Reihen 
angeordnet sind. die sich im Betrlsb. wenn die Vorrichtung auf Drucketementberelche eines TrMgerma- 
terlaJs druckt. transversal zu der Richtung der Relativbewegung zwischen der Vorrichtung und dem 

20 Trggermateriai erstreckt und be! welcher die DOsenteiiung in Jeder Reihe ein VidHaches isl, das glenh 
der Anzahl der Reihen der Teilung der Druckelementbereiche in der Richtung transversal zu der 
Richtung der Relativbewegung Ist und bei welcher die KanSle und Ihre DQsen so angeordnet sInd. daB 
die DOsen elner jeden Reihe dazu dient, die Bildelementt>erelche einer Reihe solcher Bereiche auf dem 
Tragermaterial zu drucken, die t)edruckt werden, die sich normal zu der Richtung der Relativbewegung 

^ erstrecken und die mit jenen Qberiappenr fUr die die DQser> der anderen Rethen zum Drucken dienen. 

31. Vomchturig nach einem der AnsprOche 20 bis 30, b^ welcher die Anordnurig der KanSle in einem Satz 
Oder Satzen von vier Reihen von KanSlen angeordnet ist, wobel die Reihen eines jeden Satzes fQr 
deren Versorgung entsprechend mK schwarzer Tints bzw. Tinte einer der drel PrlmSrfarben eingerichtet 

30 ist. und die DUsen der Reihen eines jeden Satzes angebrdnet sind, um das Drucken der Druckelement- 
bereiche durch irgendeinen Kahai des Satzes in schwarzer Tihte Oder Tinte eines der drel PrimSrfart)en 
freizugeben. 

Revendlcations 

1. M^thode d'impression employant un apparell ^ jet d*encrs ^ goutta sur demande comprenarit une s^rie 
de canaux parall^les dispose cdte ^ c6te et ayant des panols latdfales respectives qui s'^tendent dans 
la direction longltudlnale des canaux et s^parent un canal du sulvant <les canaux une s6rie de buses 
qui communk^uent respectivement avec lesdits canaux pour footer des gouttelettes d'encre ^ partir de 

40 ces canaux : des moyens de connexion pour connecter les canaux ^ une source d*encre ; et des 
moyens commandos ^lectrtquement pour effectuer, lore de la selection d'un quelconque desdits 
canauxi un ddplacement transversal d*une partle au moins d'une parol latdratei de sSparatton de canal 
dudit canal cholsl, afin d'appliquar une Inipulslon d'^neigle k Tencre corrtemie dans le canal chotsi pour 
effectuer une Ejection de gouttelette ^ partir de ce canal ; caractdris^e par les Stapes de choix de la 

45 longueur desdits canaux et de la dimension et de la position desdites buses de mani^re & otrtenir une 
frequence de resonance acoustique longitudinale de 25 kHz ou plus ; selection d'un canal et d'un ton 
d'impresslon pour ce canal ; et excitation des moyens commandos 4lectiriquement pour appliquer une 
sequence d^iihpuisions d'^nergle d'an^plitude et de irdquence provoquant I'^Jection de gouttelettes h 
partir du canal cholsl, h la frequence de resonance acoustique longltudlnale ou pr§s de celle-ci, de 

so marri^e h. Ejector un nombre correspondant de gouttelettes, ledit nomtve dtant d^termin^ par le ton 
dlmpression choisl 

2. M^thode sulvant la revendication 1. dans laquelle lesdits moyens cdnnnftand^s £lectriquement effec- 
tuent r Ejection de gouttelettes h partir desdits canaux par d^placement de parties de parois latdrales 

56 pi^zo^lectriques respectives desdits canaux. 

. 3. Methode sulvant la revendication 1 ou la revendication 2 et dans laquelle le substrat se d^place 
continuellement par rapports I'appiureii d'impresSion, caract^ris^e en ce qu*on effectue le d6p6t de 
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gouttelettes h partir de cheque canal sur une longueur ducfit substrat h Plnf^rieur d'une r§gton 
4l6mentaire d'impression parcounie par ledit canal. 

4. Methods suivant la revendication 3, caract^ris^e en ce qu'on effectue ie d^pdt de gouttelettes sur ledit 
5 substrat a partir da chaque c^ai ajptpitiximativemBnt sur Ids deux tiers dii pas desdites regions 
^t^mentalres d*impresslon. 

6b Mdthode suivant la revendication 3 ou la revendication 4, caract§ris6e eh ce qu'on effectue te d^p6t sur 
chaque region elementaire d'impression. a partir du canal con^espondant d*un nombre quelconque de 
fo gouttelettes.pouvant attelndre 64. 

fi. Methode suivant la revendication 3, 4 ou 5, comprenant i'dtape d*ex6cution du ddpot de gouttelettes 
sur ledit substrat sym^triquement par rapport h la r^ion 6l§mentaire dimpressfon Imprim^e par ledrt 
canal. 

75 

7. Mthode suivarit une quelconque des revendications 3 & 6. comprenant Tdtape d'obtantlon d'une 
4gaM substamietle entre te pas des r^ions 4l§fnentaires d'lmpressfon sur Ie substrat dans ladito 
direction de mouvement relatif et Ie pas desdites buses. 

20 & Methode suivant une quelconque des revendications pr^cddentes, dans laquelie ledit appareil est une 
tSte dimpresslon comprenant un corps de matidre pi^ddiectriqiie dans lequei lesdits canaux sent 
formes et"les parois latdrates de separation de canal opposfes de chacun desdits canaux comportent 
des parties pi^zo^iectriques respectives qui sont d^plagables en mod6 de cisalllement par excftation 
desdits moyens commandos ^lectriquement, pour efTectuer rejection de gouttelettes a partir dudit 

26 canal, qui comprend I'agencement des canaux en une plurality de groupes de canaux imbriquds. 
{'activation simuttah^e dans chaque groupe pour rejection de gouttelettes de- canaux choisis de ce 
groupe^et ractlvation des canaux choisis de chaque groupe dans dee phases siucoessives de la 
frequence desdites impulsions d'^nergie. 

30 9. Methode suivant la revendication 8. at dans laquelie les canaux sont agenc^s en deux groupes, 
comprenant Tdtape d'activation.pour §jection de gouttelettes, de canaux choisis d'un desdrts groupes a 
un intervalie. api^s I'actiyation de canaux choisis de J'autre desdits groupes, d'un demi-cycle de ia 
frequence des impulsions appllqutes par lesdits moyens commandos ^lectnquement aux canaux 
choisis pour rejection de gouttelettes. ' 

3S 

10. Mthode suivant une quelconque des revendications 1 h 8. dans laquelie les; canaux sont agenc^s en 
deux groupes imbrlquds de canaux Impairs et pairs respectlvement, comprenant les Stapes de 
selection d'une bande de canaux adjacents pour rejection de gouttelettes et d'excitation des moyens 
commandos 4lectrlquement pour appfiquer des sequences d'tmpulslons d'dnergie aux canaux impairs 
40 de la bande en opposition de phase avec las sequences d*lmpul8ions d'^nergle appliqudes aux canaux 
pairs de la bande^ afin d'^Jecter des nombres conrespondants de gouttelettes k partir des canaux 
impairs de la bande eh oppositidn de phase avec rejection de gouttelettes a partir des canaux pairs de 
la bande. 

45 11. Methode suivant la reveridicalion 10. comprenant I'^taiw suppl^mentairB de variation de la iargeur de la 
bande de canaux choisis dans des cycles suocessifs de la frequence de resonance, pour latre varier la 
density d'impression. 

12. M^ttKxSe suivant une quelconque des revendications 1 ft 7, dans laquelie ^edlt appareil est une t§te 
50 d'lmpnession comprenant un corps de mati§re pl^zodtectrique dans lequei sont formes lesdits canaux, 
et les parois tatdrales de separation de canal opposdes de chacun desdits canaux comportent des 
parties piezoeiectriques respectives qui sont dSplagables par lesdits moyens commandos etectrlque- 
ment pour effectuer une ejection de gouttelettes k partir desdits canaux, caracterlsee en ce qu'on 
agenoe lesdits canaux en au moins trois groupes de canaux imbriques. chaque groupe ayant, entre des 
65 canaux suocessifs. un canal de chacun des autres groupes. et on les excRe elmuhanement pour 
rejection de gouttelettes k partir de cos canaux, rejection de gouttelettes h partir des canaux choisis 
de chaque groupe etant effectuee dans des intervalies de temps succeesifs. 
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13. Mthode suivant une queloonque des revendications prdcddontes, dans laquelle la longueur de canal, 
ie diamdtre des buses des canaux et ta density des canaux sent respectivement compris dans les 
plages de 10 1 mm, 20 & 10 um et 2 & 12 canaux par mm. 

6 14. MSthbde suivaiiit uhe qudlconque des revi^hdibatibns pr§c6dentes, dans laquelle ladite frequence des 
Impulsions appliqu^ par les moyens command^s^lectriquement est dans la plage de 50 kHz h 250 
kHz. 

16. Mdthode suivant une quelconque -des revendications prdcSdentes, comprenant r4tape de rdglage de 
10 r^nergie des Impulsions initiales de chacune desdites sequences d'impulsions de maril^re ^ assurer 
que les gouttelettss dmises par lesdites impulsions initiales sclent mutuellement sipar^es. 

16. M^thode suivant la revendication 1, dans laquelle les canaux sent ageno^s en une plurality de rang^es 
s*4tendant transversalement k ta direction de noouvement relatif du substrat et de rappareil, et Ie pas 

16 des buses dans chdque rang^e est un muitiple,§gal au nombre desdites rangdes, du pas desdites 
r§gion5 6i^mentaires d* impression dans la direction transversale h la dite direction de mouvement 
relatif, comprenant T^tape de disposition des rang^es de canaux et de leurs buses de sorte que les 
buses d'une rangde servent ^ imprimer des regions #l^mentalres d*image d'une rang^e de telles 
regions sur Ie substrat qui sont encours d'lmpression, qui 8*6tend perpendiculairement k ladite direction 

20 de mouvement relatif, qui sont imbriqutes avec ceHes que - les buses-des autres rang^es servent k 
impfimdir. 

17. M6thode suivant la revendication 1, comprenant I'^tape d'ex6cufion de cheque operation d'impression 
avec Is substrat et rappareil immobiles et de g^n^ration d'un mouvement relafif entre Ie substrat et 

26 I'appareil entre des operations d^impresston successlves. de: maniftre ii d6placer Ie substrat par rapport 
k i'apparell d'une quantity i§gale au pas dand ladite directton de mouvement relatif des regions 
ildmentaires d'im'pression. 

18. Mdthode suivant la revendication 17, comprenant I'Stape d*lmpression par d§pdt de gouttelettes k partir 
30 des buses des canaux. au centre de chaque region ^l^mentdre'd'impresslon qui est imprim^e. 

la M6thode suivant une quelconque des revendications pr^cddentes, comprenant I'tope d*agencement 
des series de canaux en un ou plusieurs ensembles de quatre rangdes de canaux. les rang^es de 
chaque ensemble dtant respectivement alimentSes on encre noiro et en encre des trols couleurs 
js primaires, et de disposition des rang^es de chaque ensemble pour imprimer une rang^e de regions 
^Idmentaires d'impression s'^tendant transversalement k la direction de mouvement relatif de la s^rie 
de canaux et du substrat de sorte que chaque r^giori imprimde. peut 8tre iirnpHm^e endncre noire ou en 
encre d'une quelconque des trois couleurs primaires. 

40 20. Apparell k jet d'encre k goutte sur demande comprenant une s^rie de canaux parall&les disposes cdte 
k c6te et ayant des pards lat^rales respectives qui s'^tendent dans la dirsction longitudinale des 
canaux et sdparent uh c^al du siiivaht des canaux ; une sdrie de buses qui communiquent 
respectivement avec les dits canaux pour rejection de gouttelettes d'encre k partir de ces canaux ; des 
nK)yens de connexion pour connecter les canaux k une source d'encre ; et des moyens commandos 

45 ^lectriquement pour effectuer, lors de la selection d'un quelconque desdits canaux, un diplacement 
transversal d'une parte au moins d'une parol lat^rale de separation de canal dudit canal choisi, afia 
d'appliquer une impulsion d'^nergie k I'encre contenue dans Ie canal choisi pour effectuer une Ejection 
de gouttelette k partir de ce canal : caract6ris6 en ce que la longueur desdfts canaux et la dimension et 
la position desdites tnises sont4elles qu'on obtlent une fr^uence de nSsonance «x>ustique longltudlna- 

60 Ie de 25 kHz ou plus, et en ce que, lors de la selection d'un canal et de la selection d'un ton 
d'lmpression pour ce canal, les moyens commandos ^tectrfquement servent k appllquer une sequence 
d'impulsions d' ^nergie d'amplitude et de fingquence provoquant I'^iection de gouttelettes k partir du 
canal choisi.2l la frequence de resonance acoustlque tongltudlriale ou au voisinage de celle-d, afin 
d'^jecter un nombre con^espondant de gouttelettes. ce nombre tont ditanmind par Ie ton d'lmpression 

66 choisi. 

21. Appareil suivant la revendication 20, dans lequel lesdits canaux sont fonm^s dans un corps de mattdre 
piSzo^tectrique et comportent des parties de pamis lat^rales polaris^es de fapon k dtra d^plagables 
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par rexcitetion desdtts moyens commandos dlectriquement. 

22. Appareil suivant la revendication 21 » dans iequel lesdites parties de parois laldfaids sont polaris^es de 
manl§re h §tre ddptao^es en mode de cisaiilement piir le^tts moyens commandos dlectrtquement. 

5 

23. Appareii suivant una quelconque des rdvendications 2b h 22, dans iequel tesdits canaux sont agenc§s 
en une pluralHi de groupes de canaux imbrlqu^s. les canaux des groupes respoctifs ^tant disposes en 
sequences rdp^t^es, et lesdits moyens commandds dtectriquement peuvent effectuer I'activation 
simuttande de canaux chpisis de chaque groupe et effectuer Tactivation des groupes de canaux dans 

10 des intervalles de temps. siiccessifs pour permettre rdJection.de plusieurs gouttes k partir .des canaux 
actives. 

24. Appareil suivant la revendication 23. dans Iequel toutes les parois latdrales de separation de canal sont 
actionnables et ies parois liatirales de canal opposdes sont ddplac^es par lesdits moyens commanded 

75 diectriquement pour effectuer rejection de goutteletles h partir d'un canal ddfini entre ces parois, les 
canaux ^tant agencds eh au moins trois groupes de canaux imbriquds. 

25. Appareil suivant une quelconque des revendications 20 & 23. dans iequel les canaux sont agencds en 
deux groupes imbriquds de canaux Impairs et pairs, respectivement, et dans Iequel las moyens 

20 commandos diectriquement servent lots de ta sdlection d'une bande de canaux adjacents, k appliquer 
des sequences d 'impulsions d'6nergie aux canaux impairs de la bande eri oppoisHion <re phase avec 
les s^uences d*lmpul8)ons d^4nergie appllqudes aux canaux pairs de la bande.afin d* ^jecter des 
nombres correspondants de goutlelettes k partir des canaux impairs de la bands en opposition de 
phase avec I'^jection de gouttetettes h partir des canaux pairs de la bande. 

25 

26i Appareil suivant la revendication 20, dans Iequel toutes les parois latdrales de separation de canal sont 
depiagables et les parois latdraies de canal opposdes sont ddplacdes par lesdits moyens commandos 

eiectriquement pour effectuer rejection de gouttelettes ^ partir d'un canal ddfini entre ces parois, dans 
Iequel les canaux sont ager^cds en deux groupes de canaux imbriquds et lesdits moyens commandos 
30 eiectriquement sent prdvus pour activer simultanement des canaux choisrs des groupes respectifs et 
pour activer les igroupes de canaux en sequence, la pdriode pendant iaquelle les canaux des groupes 
sont actives oonvenant pour, permettre rejection de pIusleurs.goutlelettBS h partir de oes canaux^ 

27. Appareil suivant la revendication 26,' dans Iequel lesdits moyens commandos dlectriquement soiit 
35 pr^vus pour permettre i'djectlon de gouttelettes k partir de canaux adjacents a des demi-cydes 

successifs de la frequence des Impulsions d'excitation appfiqudes aux canaux; 

28. Appareil suivant une quelconque des revendications 20 k 27, dans Iequel lesdits moyens commandos 
eiectriquement sont prdvus pour activer chaque canal pendant une p^rfode suffisante pour rejection 

40 d'un nombre de gouttelettes pouvant attelndre 64 k partir de ce canal. 

29. Appareil suivant une quelconque des revendications 20 ^ 28, daris iequel la longueur de canal, le 
diam^tre des buses des canaux et la density des canaux sont respectivement dans les plages de 10 ^ 
1 mm. 20 ^ 10 um et 2 2i 12 canaux par mm. 

45 

30. Appareil suivant une quelconque des revendications 20 k 20, dans Iequel les cahdux sont agences en 
une pluraif^ de rangdes s'dtendant en fonctionnement, lorsque ledit appareil est en cours d'impression 
sur des regions ei6menta!res dMmpression d'un substrst. trahsversalement ft la direction de mouvement 
relatif enire I'appareii et le substrat, et le pas des buses dans chaque rangde est un multiple, dgal au 

60 nombre desdites rangees, du pas desdites regions dldmentaires d'impression dans la direction 
transversale & ladite direction de mouvement relatif. et lesdits canaux et lours buses sont disposes de 
sorte que les buses de chaque rangde servent ^ -imprimer les regions ei^mi^ntaires d'image d'une 
rangde de ces regions sur le substrat en cours dlmprassion , qui s'^tend perpendiculalrement 2i ladite 
direction de mouvement relatif,et qui sont imbriqudes avec celles que les buses des autres rangees 

66 ser/ent k Imprimer, 

31. Appareil suivant une quelconque des revendications 20 k 30, dans Iequel la serie de canaux est 
ageno6e en un bu plusieurs ensembles de quatre rangdes de canaux, les rangdes de chaque ensemble 
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pouvwit §tre aflmenltos respectivement en encre noire et m encre d'une dee trole couleure prfmainBs, 
et las buses des rengtes de cheque ensemble sont (fispostes de maniftre ^ penmettre Timpresston de 
r^ions iMmenlalres dlmpression par un canal queiconque dudtt ensemble en encre noire ou en encre 
d'une quelconque des trdls coiileurs prindpales. 
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